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Femorotibial Reconstructions for Chronic Critical Leg Ischaemia: 
Influence on Outcome by Diabetes, Gender and Age 
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~Vasa Central Hospital, Surgical Department and 2Division of Vascular Surgery, Department of Surgery, 
Helsinki University Central Hospital, Finland 
Objectives: To analyse the influence of risk factors on the outcome of femorotibial reconstructions for chronic ritical 
leg ischaemia. 
Design: A longitudinal observational study of patients undergoing femorotibiaI reconstruction. 
Setting: A regional hospital and an academic referral centre. 
Materials: One hundred and eighty-eight patients undergoing 209 reconstructions to the tibial vessels for chronic ritical 
leg ischaemia, 149 of them with in situ vein grafts. 
Chief outcome measures: Graft patency, leg salvage and survival rates. 
Main results: Severity of preoperative ischaemia nfluenced the immediate outcome ofreconstruction. I creasing age did 
not influence graft patency, leg salvage or survival rates. A combination offemale sex and diabetes was associated with 
low graft patency and leg salvage (52% and 42% at 18 months). Diabetes was associated with a decreased survival. 
Conclusions: With proper patient selection, patency and leg salvage rates in older (>80 years) patient groups with 
multiple risk factors justify an active reconstruction policy. 
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Introduction 
Chronic critical eg ischaemia (CLI) is a growing prob- 
lem in an ageing population. 1 Most patients with CLI 
have their main arteriosclerotic changes below the 
inguinal igament and for many it is necessary to do 
a reconstruction tothe tibial arteries in order to bypass 
all occlusions. 2 Reconstructions to the tibial arteries 
have a significant failure rate, despite efforts to im- 
prove reconstruction technique and use optimal 
materials. 3 In addition to patency, outcome is de- 
termined by leg salvage and survival. Factors such as 
diabetes, everity of ischaemia, reconstruction material 
and method have been identified as risk factors that 
influence the outcome. 3~ An increasing proportion of 
women and old people suffer from leg ischaemia that 
for many threatens the viability of the leg. 1'7'8 Few 
studies have evaluated the influence of gender and 
age on the outcome of the reconstructive surgery. 7-~° 
The aim of the present study was to evaluate factors 
affecting outcome in femorotibial bypass with special 
reference to gender, age and diabetes. 
Please address all correspondence to: M. Luther, Surgical De- 
partment, Vasa Central Hospital, SandOg. 2-4, 65130 Vasa, Finland. 
Two hospitals with a special interest in distal arterial 
reconstructions and a co-ordinated strategy for treat- 
ment of CLI treated a total of 203 patients undergoing 
228 femorotibial reconstructions since the introduction 
of the in situ technique in the late 1980s. Reconstruction 
was attempted in all patients with CLI if the mobility 
of the patient could be salvaged and if there were 
reconstructable arteries in the lower leg, including the 
foot. Only patients with reconstructions to the crural 
vessels were included in this study, while re- 
constructions to the popliteal and pedal arteries were 
excluded. Patients were identified from the ongoing 
follow-up programmes and hospital records. One hun- 
dred and six operations were performed in Vasa and 
122 in Helsinki. 
Risk factors were determined according to a com- 
mon standard as defined by the FINNVASC registry. ~1 
The patient characteristics in the two hospitals were 
similar, but there were more women (62% vs. 33%) 
undergoing operation and diabetes was more frequent 
(53% vs. 38%) in Vasa. Patients with cardiovascular 
risk factors were equally common in both hospitals. 
Patients had a high percentage of risk factors (Table 
Material and Methods 
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Table 1. Demographics, indications and reconstruction material in femorotibial reconstructions. 
Total <60 years 60-70 years 70-80 years >80 years 
Patients 188 15 54 84 36 
Men 100 (53%) 11 (73%) 40 (74%) 41 (49%) 9 (25%) 
Diabetics 89 (47%) 7 (47%) 21 (39%) 46 (55%) 16 (44%) 
Diabetic women 46 (24%) 2 (13%) 10 (18%) 25 (30%) 12 (33%) 
Cardiac risk 96 (51%) 3 (20%) 24 (44%) 47 (56%) 23 (64%) 
Hypertension 76 (40%) 4 (27%) 18 (33%) 35 (42%) 18 (50%) 
Cerebrovascular risk 21 (11%) 3 (20%) 5 (9%) 10 (12%) 3 (8%) 
No cardiovascular risk 56 (30%) 9 (60%) 20 (37%) 21 (25%) 8 (22%) 
Previous reconstruction 55 (29%) 5 (33%) 19 (35%) 26 (31%) 6 (17%) 
Reconstruction i dication 209 17 55 94 43 
Rest pain 82 (39%) 8 (47%) 29 (53%) 40 (43%) 5 (12%) 
Ischaemic ulcer 87 (42%) 2 (12%) 21 (38%) 37 (39%) 27 (63%) 
Gangrene 40 (19%) 7 (41%) 5 (9%) 17 (18%) 11 (26%) 
Reconstruction material 
In situ vein 149 (71%) 12 (71%) 40 (73%) 64 (68%) 33 (77%) 
Transposed vein 38 (18%) 5 (29%) 10 (18%) 18 (19%) 5 (11.5%) 
Prosthetic 22 (11%) 0 5 (9%) 12 (13%) 5 (11.5%) 
1). The indications for surgery were determined on 
history, clinical examination, ankle/brachial pressure 
index (ABPI) measurements and angiographic visu- 
alisation of the arterial tree down to the foot. Duplex 
examination was available during the later part of the 
study. The main indication (92%) for operation was 
CLI throughout the study period, although 13 patients 
with incapacitating claudication also were re- 
constructed. For consistency, only 209 reconstructions 
performed for CLI in 188 patients were included in 
the analysis for patency, leg salvage and survival. 
As prosthetic bypasses constituted only a small part 
(11%) of all reconstructions and were unevenly dis- 
tributed between risk factor groups, they have been 
left out of the evaluation of risk factor influence on 
patency and leg salvage, leaving 187 autogenous vein 
reconstructions available for this analysis. However, 
the patients with prosthetic bypasses have been in- 
cluded in the survival analysis. Of 209 reconstructions 
for CLI, 22 had the tibioperoneal trunk, 88 the anterior 
tibial artery, 61 the posterior tibial artery and 38 the 
peroneal artery as outflow vessel. One-hundred and 
ninety-four of the operations were performed by the 
two authors. One-hundred and forty-nine re- 
constructions were performed by the in situ technique 
(71%), 38 (18%) with transposed veins, including re- 
versed saphenous vein and arm veins, and 22 (11%) 
with prosthetic material. The characteristics of patients 
with in situ and other reconstruction material were 
similar except that patients with other than in situ 
bypasses had significantly more previous re- 
constructions (55% vs. 36%, p<0.001) and were more 
often redo procedures (20% vs. 1%, p<0.001) 
The regular follow-up examinations included clin- 
ical examination and distal pressure measurements. A 
systematic graft surveillance program was started in 
1992, including Duplex scanning of the grafts. Patients 
lost to the follow-up programme were called to follow- 
up if alive. Survival or death of patients was verified 
through the National Statistical Bureau. Patency, leg 
salvage and survival rates were calculated by the life- 
table method. Patency was calculated as secondary 
patency, unless otherwise stated. In patients am- 
putated with an open graft the limb was regarded as 
withdrawn from patency analysis from the amputation 
date. Major amputation was the end point in leg 
salvage analysis, irrespective of the number of redo 
vascular econstructions and minor amputations. 
In a univariate model an analysis of the influence 
of the risk factors of main interest were analysed: 
- -  Degree of CLI; rest pain, ischaemic ulcer and gan- 
grene. 
- -  Presence or absence of diabetes. 
- -  Gender and 
- -  Age, by dividing patients into four age groups, i.e 
those of <60, 60-70, 70-80 and >80 years of age. 
In addition to the univariate analysis, amultivariate 
analysis was performed using the Cox proportional 
hazards model. In this analysis cardiovascular risk 
factors and previous vascular surgery were included 
in addition to the above mentioned factors. The ana- 
lysis was performed by stepwise backward elimination 
of risk factors according to the likelihood ratio. Dif- 
ferences between the age groups were analysed by the 
Chi-squared or Fisher exact method as appropriate. 
For analysis of changes in risk factors with increasing 
age the Mantel-Haenszel test for linear association 
was used in addition. Differences in patency, leg sal- 
vage and survival between the risk factor-groups were 
analysed by the Wilcoxon (Gehan) test. In the mul- 
tivariate risk factor analysis confidence intervals (CI) 
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Table 2. Secondary patency after autogenous vein reconstructions for CLI. Standard error is given in parentheses. 
Patency 
Number 1 month 1 year 3 years 5 years 
Indication 
Rest pain 74 94% 81% 69% 60% 
(0.027) (0.047) (0.065) (0.092) 
Ulcer 78 88% 72% 67% 67% 
(0.038) (0.055) (0.061) (0.061) 
Gangrene 35 79% 65% 65% 65% 
(0.07) (0.094) (0.094) (0.094) 
Diabetes 
Present 86 84% 69% 64% 53% 
(0.041) (0.055) (0.060) (0.1) 
Absent 101 93% 80% 69% 69% 
(0.026) (0.036) (0.042) (0.057) 
Gender 
Male 101 89% 78% 73% 73% 
(0.033) (0.044) (0.052) (0.1) 
Female 86 89% 71% 57% 47% 
(0.034) (0.054) (0.078) (0.1) 
Age 
<60 years 17 94% 88% 81% 
(0.057) (0.078) (0.1) 
60-70 years 49 83% 71% 68% 68% 
(0.055) (0.069) (0.071) (0.071) 
70-80 years 83 88% 77% 67% 57% 
(0.037) (0.051) (0.075) (0.1) 
>80 years 38 95% 69% 52% 
(0.036) (0.079) (0.1) 
were calculated. Statistical analysis was made by the 
SPSS program for personal computers. 
Results 
With autogenous vein reconstruction for CLI the over- 
all 1, 3 and 5-year pr imary/secondary patencies were 
57%/69%, 53%/66% and 47%/53%, and the cor- 
responding leg salvage rates 81%, 76% and 71% re- 
spectively. For all in situ bypasses cumulative 
secondary 5-year patency was 66%, with other vein, 
54% (p =0.027). The corresponding leg salvage rate 
was equal at 73%. 
Severity of CLI 
The postoperative (within 30 days) occlusion rate for 
patients with gangrene (23%) was higher than for 
patients with rest pain or ischaemic ulcer (6% and 8%) 
(p<0.05). Thereafter the patency was not influenced by 
the severity of the preoperative ischaemia (Table 2). 
Similarly, the short-term (3-month) amputation rate of 
28% for patients with gangrene was higher (p = 0.066) 
than for patients with rest pain and ulcer (10%, 17%) 
(Table 3). The survival was also lowest in the gangrene 
group (Table 4). In the multivariate analysis, presence 
of ischaemic tissue lesions (ulcer or gangrene) in- 
creased the mortality risk by a factor of 2.7 (CI: 1.5-5.1) 
Diabetes and gender 
The operative mortality and long-term survival of non- 
diabetics was significantly better than for diabetics 
(p<0.001) There was also a tendency to lower patency 
and leg salvage rates in diabetics than in non-diabetics 
(Tables 2-4). There was no difference in operative 
occlusion rate or short-term (3-month) amputation 
rates between men and women. On the 3-year level a 
difference was discernible in favour of the men (p<0.05) 
(Tables 24) .  The multivariate risk factor analysis did 
not identify gender as an independent risk factor for 
either patency, leg salvage or survival. 
Three-year patency for non-diabetic and diabetic 
men was 76% and 72% (p=NS). For non-diabetic 
women three-year patency was 60%, while it fell to 
52% already at 18 months for diabetic women (p = 
0.039) (Fig. 1). 
Leg salvage in non-diabetic and diabetic men was 
equal at 3 years (82% and 79%). For non-diabetic 
women leg salvage was 90% at 3 years and for diabetic 
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Table 3. Leg salvage after autogenous vein bypasses. Standard error is given in parentheses. 
Leg salvage 
Number 3 months 1 year 3 years 5 years 
Indication 
Rest pain 74 93% 88% 80% 72% 
(0.03) (0.041) (0.054) (0.1) 
Ulcer 78 85% 78% 72% 72% 
(0.04) (0.053) (0.061) (0.061) 
Gangrene 35 74% 57% 57% 57% 
(0.079) (0.097) (0.097) (0.057) 
Diabetes 
Present 86 79% 69% 62% 51% 
(0.046) (0.056) (0.063) (0.11) 
Absent 101 93% 85% 81% 81% 
(0.026) (0.037) (0.048) (0.048) 
Gender 
Male 101 92% 83% 78% 78% 
(0.029) (0.041) (0.050) (0.050) 
Female 86 81% 73% 67% 56% 
(0.044) (0.052) (0.057) (0.1) 
Age 
<60 years 17 94% 82% 82% 82% 
(0.057) (0.094) (0.094) (0.094) 
60-70 years 49 85% 75% 75% 75% 
(0.053) (0.066) (0.066) (0.066) 
70-80 years 83 88% 80% 68% 54% 
(0.038) (0.049) (0.077) (0.1) 
>80 years 38 84% 75% 71% 71% 
(0.061) (0.072) (0.078) (0.78) 
Table 4. Survival after reconstructions for CLI. Standard error is given in parentheses. 
Survival 
Number 1 month 1 year 3 years 5 years 
Indication 
Rest pain 82 94% 89% 77% 72% 
(0.026) (0.034) (0.050) (0.058) 
Ulcer 87 94% 83% 61% 56% 
(0.025) (0.041) (0.058) (0.097) 
Gangrene 40 90% 67% 40% 31% 
(0.049) (0.076) (0.083) (0.097) 
Diabetes 
Present 98 87% 67% 45% 42% 
(0.035) (0.048) (0.054) (0.058) 
Absent 111 99% 95% 80% 71% 
(0.009) (0.020) (0.042) (0.055) 
Gender 
Male 109 94% 83% 69% 63% 
(0.024) (0.036) (0.047) (0.055) 
Female 100 93% 81% 57% 53% 
(0.026) (0.039) (0.054) (0.059) 
Age 
<60 years 17 100% 88% 76% 
(0.00) (0.O78) (0.1) 
60-70 years 55 93% 85% 65% 58% 
(0.036) (0.048) (0.069) (0.076) 
70-80 years 94 89% 74% 57% 57% 
(0.032) (0.045) (0.056) (0.056) 
>80 years 43 100% 93% 71% 54% 
(0.00) (0.039) (0.075) (0.1) 
women 48% at 18 months  (p<0.001) (Fig. 2). The dif- 
ference between diabet ic  men and  women was  also 
s ign i f icant  (p =0.0087).  Graf t  occ lus ion  in  14 d iabet ic  
women resulted in 13 amputations. Four diabetic 
women were amputated with an open graft due to 
progressive gangrene. Amputation with an open graft 
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Fig. 1. Secondary patency for reconstructions to crural arteries in diabetic and non-diabetic men and women. (o) male, non-diabetic; (©) 
male, diabetic; ( i )  female, non-diabetic; ([B) female, diabetic. 
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Fig. 2. Cumulative leg salvage in diabetic and non-diabetic men and women undergoing reconstructions to crural arteries for CLI. (o) 
male, non-diabetic; (©) male, diabetic; ( i )  female, non-diabetic; ([~) female, diabetic. 
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Fig. 3. Cumulative survival of diabetic and non-diabetic men and women undergoing reconstructions to crural arteries for CLI. (e) male, 
non-diabetic; (©) male, diabetic; (ll) female, non-diabetic; ([1) female, diabetic. 
was also performed in one diabetic man, one non- 
diabetic man and one non-diabetic woman. 
Operative mortality was higher in both male and 
female diabetics than in non-diabetics (men 14% vs. 
1%) (p = 0.005); women 12% vs. 0% (p = 0.07) Five-year 
survival in non-diabetic men was 70% while it was 58% 
in diabetic men (p<0.001). In women the corresponding 
figures were 72% and 36% respectively (p<0.001) (Fig. 
3). In the multivariate analysis the combination of 
female sex and diabetes independently had a negative 
influence on patency, leg salvage and survival. The 
lower patency, leg salvage and survival rates in dia- 
betic women could not be explained by differences in 
results between the two hospitals, as there was no 
difference between the hospitals in results for men 
and non-diabetic women. 
influence of age seen in analysing patency, leg salvage 
or survival if the effect of confounding factors was 
excluded. (Tables 2-4 and Figs. 4 and 5). The 3-year 
survival of 70% in the oldest age group compares well 
with the younger age groups. In the oldest age group 
there was a large proportion of diabetic women (42%) 
with frequent early graft occlusions (50% within 18 
months). Excluding these diabetic women, patency at 
3 years was 65% in this group. Age could not be 
identified as an independent risk for patency, leg 
salvage or survival in the multivariate regression ana- 
lysis. 
In addition to the univariate analyses, the mul- 
tivariate analysis did not show any significant in- 
fluence of cardiovascular risk factors or previous 
reconstructions onthe outcome of reconstruction; how- 
ever presence of cardiac risk factor increased the mor- 
tality risk by a factor of 2.27 (CI 1.4-3.68). 
Age 
Reconstructions in patients more than 70 years old 
constituted 66% of the cohort study, and 21% were 
over 80 years old. With increasing age the percentage 
of women, diabetic women, cardiac risk factors and 
patients with tissue loss increased. No increase in 
operative mortality could be found nor any negative 
Discussion 
Patency and leg salvage rates in femorotibial re- 
constructions show great variation. 4-6'12'13 Some of these 
can be explained by varying treatment policies in 
different institutions, Although it is not easy to assess 
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Fig. 4. Secondary patency in vein reconstructions to the crural arteries for CLI by age group. (o) <60 years; (©) 60-70 years; ( i )  70-80 
years; ([]) >80 years. 
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Fig. 5. Cumulative survival of patients undergoing reconstructions to the crural arteries for CLI by age group. (o) <60 years; (©) 60-70 
years; ( i )  70-80 years; ([~) >80 years. 
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the comparability of different series, one way is to 
evaluate the patient characteristics and their effect on 
the outcome. The frequency of risk factors in the 
present study is comparable to many published Euro- 
pean series, although the percentage of diabetics and 
women is high and resembles that of series published 
in the U,S. 2-6"12-I4 
The indication for reconstruction is a measure of 
the severity of the disease that threatens the leg and 
a predictor of patient survival. 15'16A8 CLI is the major 
indication for reconstructions to the crural arteries. 
This study analysed only the outcome for patients 
with CLI whose proportion is comparable to other 
series. 5"6'9 The degree of CLI influenced early results 
with frequent postoperative occlusions and am- 
putations in patients with gangrene. After these early 
failures, the preoperative degree of CLI did not in- 
fluence the patency and leg salvage significantly. How- 
ever, even an open graft did not guarantee l g salvage 
as seven legs with an open graft were lost due to 
progressing angrene or a functionally failing graft. 
Most of these patients had diabetes and/or extensive 
gangrene. This is in accordance with the study by 
Dietzek et al. who found diabetes, extensive gangrene 
and infection to be risk factors for amputation despite 
a functioning raft. 17 
The increased mortality in patients with ischaemic 
tissue loss indicates that the more severe leg ischaemia 
is associated with shorter life expectancy as reported 
earlier by our group, is 
The influence of diabetes on graft patency isa matter 
of disagreement: Conflicting results showing both 
lower, equal or even higher patency rates in diabetics 
than in non-diabetics have been published. 3'9'19 In this 
study, patency, leg salvage and survival were lower for 
diabetics than non-diabetics. This difference between 
diabetics and non-diabetics was, however, entirely 
caused by low patency and leg salvage rates in diabetic 
women. Occlusion of the grafts in diabetic women 
had an ominous prognosis as all but one occlusion 
resulted in amputation. Patency for non-diabetic 
women was equal to that of non-diabetic and diabetic 
men, and leg salvage was at least as good. The com- 
bination of female sex, diabetes and a tibial re- 
construction had an exceptionally bad prognosis with 
reference to both patency and leg salvage, as has also 
been shown by Magnant et al. 9 In the study of Harris 
et al. the patency and leg salvage rates were equal for 
women and men, and diabetes did not decrease the 
patency and leg salvage in women, s Diabetic women 
have also been found to have a worse outcome in 
coronary bypass urgery. 2°As this group constitutes a 
significant and growing part of patients needing a 
reconstruction it seems pertinent to find the reasons 
for the high treatment failure rate. Survival was lower 
in diabetics than non-diabetics irrespective of gender. 
Diabetics had a significantly higher immediate post- 
operative mortality than non-diabetics. After this there 
was a consistently higher mortality which was greater 
in diabetic women than in the men. This is in line 
with previous results. 9'21 
A growing number of elderly patients undergo ar- 
terial reconstructions) The influence of age on patency, 
leg salvage and survival has received little attention. 
Esato et al. compared patients under and over 70 years 
of age undergoing mixed vascular operations and 
found no adverse effect of age. 7 Others have made 
similar comparisons with ages over and under 60, 65 
or 70 years. There is, however, a growing group of 
octogenarians and older suffering from CLI that 
necessitates intervention. 1 The choice between re- 
construction and amputation i  these patients must 
be based on a realistic evaluation of the potential/or 
mobility and quality of life for the patient without 
undue operative risks. In a study by Pellet al., loss of 
mobility through an amputation was the most im- 
portant determinant of the quality of life. 22 The out- 
come after reconstructions should be acceptable l g 
salvage in relation to the patients' remaining life 
time. 23'24 In this study, reconstructions i  patients more 
than 80 years old constituted 20% of the total. 
In conclusion, an aggressive reconstructive treat- 
ment policy in infrainguinal arteriosclerosis ne- 
cessitating reconstructions to the crural arteries eems 
worthwhile and can, as we have earlier shown, reduce 
amputation rates by up to 60%. 1 It is possible to achieve 
good patency, leg salvage and survival rates even in 
the oldest age groups, although there still remains 
subgroups, e.g. patients with gangrene and diabetic 
women, where the results leave ample room for im- 
provement. 
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